Thrombotic microangiopathy (TMA) can occur during the course of human immunodeficiency virus (HIV) infection. Clinical and pathological data for 29 patients with TMA and HIV infection were recorded. In a retrospective case-control study, we analyzed the link between opportunistic infections or drug therapies and TMA. Twenty-five patients (mean CD4+ cell count ± SD, 71.9 ± 18.3/mm3) had renal impairment, and four had neurological dysfunction. In one-half the cases, the disease was progressive with isolated fragmentation anemia appearing several months before the clinical symptoms. The diagnosis of TMA was confirmed by histological examination of kidney biopsy specimens (18 cases). Endothelial cytomegalovirus (CMV) inclusions were associated with TMA in nine of 18 cases, whereas histological examination did not detect CMV in any control specimens (P < .001). The case-control study demonstrated a link between TMA and clinical CMV infection (odds ratio, 3.9; 95% confidence interval, 1.1-14). We conclude that TMA is a late complication of HIV infection and can be associated with systemic CMV infection in this setting.
Thrombotic microangiopathy (TMA) is a well-characterized cause of nephropathy in patients infected with HIV. More than 50 cases of TMA have been described in adult patients with HIV infection [1, 2] . Nonautoimmune hemolytic anemia, peripheral thrombocytopenia, and either renal failure in the hemolytic-uremic syndrome (HUS) or ischemic neurological lesions in thrombotic thrombocytopenic purpura (TTP) occur during the course of the disease. However, there is considerable clinical overlap between HUS and TTP, and some researchers [3] consider the two diseases as a single entity best defined as TMA.
The pathological lesion of TMA in HIV-infected patients, as in those with HUS and TTP, consists of vessel wall thickening (capillaries and arterioles) with detachment of endothelial cells from the basement membrane and accumulation of clear material in the subendothelium [4] . TMA is a consequence of injury of endothelial cells that is typically caused by enteric bacteria producing verotoxins, although it can also be triggered by antibodies or drugs toxic to endothelial cells [5] . A direct link between TMA and HIV infection has been suggested [6] , but this link remains to be confirmed.
We describe 29 cases of TMA in HIV-infected adults that were observed between June 1989 and December 1994.
Twenty-one cases were histologically proven. Additionally and independently, we conducted a retrospective case-control study of 16 consecutive patients with TMA and HIV infection to identify possible risk factors.
Patients and Methods

Patients
Between June 1989 and December 1994, we reviewed the charts of 29 HIV-infected adults with TMA. Twenty-four patients were referred to the Nephrology Unit of Hospital Tenon from either the Infectious Diseases Unit of Hospital Rothschild (18 cases) or other similar units (six cases) in Paris. Five additional patients without major renal impairment were treated in the Infectious Diseases Unit of Hospital Rothschild. TMA was defined by the association of the following: (1) unexplained hemolytic anemia (hemoglobin level of < 100 g/L, low serum haptoglobin level, and serum lactate dehydrogenase level of >1,000 U/L) with >2% schistocytes; (2) peripheral thrombocytopenia (platelet count of < 100 X 109/L); and (3) a pathological diagnosis of TMA and/or renal disease (blood creatinine level of > 130 mmol/L and/or daily urinary excretion of protein of >1 g) or unexplained neurological dysfunction.
The following examinations were performed for all patients: coagulation tests; bone marrow aspiration or biopsy; determination of peripheral CD4 + lymphocyte count, blood creatinine level, and daily urinary excretion of creatinine and protein; tests for bacteria and parasites in urine and stool samples; indirect funduscopy (performed by an ophthalmologist); and test for cytomegalovirus (CMV) in blood samples. The following tests were performed when indicated: PCR analysis [7] for verotoxin in stools (15 cases), standard examination of CSF obtained by lumbar puncture and brain MRI (14) , bronchoalveolar lavage (10) , and PCR analysis for CMV in CSF (6).
Pathological and Immunocytochemical Analysis
Twenty-five tissue specimens from 21 (72.4%) of 29 patients were available. These specimens included kidney samples in 18 cases (13 biopsy specimens and five postmortem specimens), bronchopulmonary biopsy specimens in 3, and postmortem liver specimens in 4. Samples were processed for light microscopy by standard methods. Between 15 and 20 sections of each kidney specimen were examined. Afterward, 11 of 18 paraffinembedded kidney biopsy samples were subjected to immunocytochemical analysis with monoclonal mouse antibody to CMV (clone E13, IgG1 with K light chain; Biosoft, Argene, Varilhes, France), which recognizes a CMV antigen corresponding to a 76-kD nuclear protein present as early as 2 hours after infection.
Briefly, the sections were incubated with the antibody (final concentration, 7.2 pg/mL), and fixed antibody was detected by successive incubation with biotinylated sheep antibody to mouse that was diluted to 1:300 (Amersham, Les Ulys, France), streptavidin-horseradish peroxidase diluted at 1:500 (Dako, Trappes, France), and aminoethyl carbazole. Two sections of each kidney biopsy specimen were studied.
The specificity of immunocytochemical analysis was assessed by the negativity of colonic biopsy specimens from five CMV-seronegative and five CMV-seropositive immunocompetent adults. Control samples for histological examination and immunocytochemical analysis were as follows: (1) 7 renal biopsy specimens from HIV-infected patients without TMA who had <80 CD4 + cells/mm3 (acute tubular necrosis, 3 patients; HIV-related nephropathy, 2; glomerulonephritis, 2), (2) 15 postmortem kidney specimens from patients with AIDS and no renal impairment or TMA at the time of death, and (3) 5 renal biopsy specimens from HIV-seronegative patients with typical postdiarrheal HUS.
Case-Control Study
We studied 16 consecutive HIV-infected patients for whom TMA was diagnosed in the Infectious Diseases Unit of Hospital Rothschild between December 1992 and December 1994. Controls were selected randomly from HIV-infected patients who did not have clinical or laboratory signs of TMA and were inpatients or outpatients at the same time that a case was diagnosed. Day 0 was defined as the first day that schistocytes were identified. Potential controls were excluded if they had schistocytes. A total of 64 patients were enrolled in the control group (control-to-case ratio, 4:1). We reviewed the medical charts of each case and control and recorded the following demographic data: age, sex, risk factors for HIV infection, and CD4+ cell count on day 0.
Ongoing opportunistic infections were also recorded. The diagnostic criteria for opportunistic infections were as follows: cryptosporidiosis, detection of parasites in stool; microsporidian infection, detection of parasites in stool; and Mycobacterium avium complex infection, bacteriologic evidence or clinical manifestations and an improved condition during antimycobacterial therapy (presumptive diagnosis).
CMV disease was defined as old or new clinical manifestations of infection (funduscopically evident retinitis, extensive pneumonitis with CMV inclusions in cells in bronchoalveolar lavage fluid and no other pathogens, and response to anti-CMV therapy; CMV encephalitis was defined by consistent neurological and radiological abnormalities and detection of CMV by culture and/or PCR analysis of CSF). The diagnosis of cutaneous and pulmonary Kaposi's sarcoma was based on clinical criteria.
The following concomitant treatments on day 0 were recorded: co-trimoxazole, pyrimethamine, sulfadiazine, rifabutin, antimycobacterial therapy, broad-spectrum antibiotics, fluconazole, ketoconazole, itraconazole, bleomycin, doxorubicin hydrochloride, vinblastine sulfate, vincristine sulfate, zidovudine, didanosine, stavudine, acyclovir, ganciclovir, and foscarnet.
Data for cases and controls were analyzed by calculating the crude odds ratio for each variable. Because the cases and controls differed significantly in terms of the CD4+ cell count, odds ratios were subsequently adjusted for the CD4 + cell count (as a continuous variable) by multiple logistic regression analysis to take into account any confounding effect. Finally, variables that were associated (P < .05) with TMA after adjusting for the CD4 + cell count were tested in a single multiple regression model.
Statistical significance was assessed by the Kruskall-Wallis test for continuous variables, the odds ratio and Cornfield 95% confidence interval for univariate analysis, and the 95% confidence interval of the adjusted odds ratio obtained by multiple logistic regression [8, 9] . Survival rates were calculated on the basis of means determined by the Kaplan-Meier product limit method. Laboratory parameters were analyzed by using a t test.
Results
Clinical Manifestations
The baseline characteristics of the 29 patients are presented in table 1. The mean CD4+ cell count was <80/mm3 ; 21 patients had very low CD4 + cell counts of <40/mm 3 , and eight had CD4 + cell counts of > 100/mm 3 (two of whom had CD4 + cell counts of >300). The mean time ± SD between the onset of AIDS and the diagnosis of TMA was 23.3 ± 16.1 months. There was a wide variety of clinical manifestations. It is interesting that clinical manifestations were preceded by laboratory abnormalities in one-half of the cases: schistocytes were detected before the onset of renal failure or neurological dysfunction (mean interval ± SD, 4.2 ± 2.2 months; range, 1-9 months). Clinical manifestations were as follows.
Renal Impairment. Twenty-five of 29 patients had kidney failure. Four (16%) of these 25 patients had a systolic blood pressure of 150 mm Hg and a diastolic blood pressure of mm Hg. Oliguria was present at the time of diagnosis in six cases and was associated with a very poor prognosis. As shown in table 2, the mean creatinine clearance ± SD was 20.5 ± 18.6 mL/min. In nine of 25 cases, proteinuria had been present for >3 months before admission to the hospital because of HUS. Microscopic hematuria was present in 16 cases (64%).
Neurological impairment. Four patients were admitted to the hospital because of neurological emergencies (seizures, hemiplegia, or coma). The blood creatinine level was normal in all four cases, but the daily urinary output of protein for two patients was eventually 1.7 and 1.8 g, respectively. In two cases, findings of brain MRI were consistent with cerebral ischemic disease: hyperintense punctate lesions of the white matter on T 2-weighted images. PCR analysis detected CMV in CSF from two patients.
Other signs. Fever was present in 20 (69%) of 29 cases, and 15 (52%) of 29 patients had unexplained nonbloody diarrhea. Six patients previously had gastrointestinal cryptosporidiosis (four) or microsporidian infection (two). Verotoxin was present in only one of the 15 patients tested; direct examination of this patient's stool revealed a Campylobacter species 1 month before the diagnosis of HUS. When he was admitted to the hospital, Campylobacter was no longer detectable in his stool, but verotoxin was present. Three patients had severe digital ischemic necrosis; one of these patients also had severe lingual ischemic necrosis.
Laboratory findings for the 29 patients are summarized in table 2. The mean reticulocyte count ± SD was 79.3 ± 53.1 x 109/L. Thrombocytopenia was never complicated by severe hemorrhage. Bone marrow aspiration and biopsy ruled out myelofibrosis in every case but revealed dysmyelopoiesis and erythroid hyperplasia in 22 cases (76%). Twenty-two patients underwent coagulation tests. These tests showed moderate fibrinolysis in all cases and a high level of factor V (>120%) in 11 patients. Antibodies to phospholipids were present in five of the 25 patients with renal dysfunction.
Pathological Data
TMA was proven histologically in 21 of 29 cases. In 18 cases, the diagnosis was confirmed by routine examination of kidney biopsy specimens; TMA was diagnosed in association with HIV-related nephropathy in one of these cases. Of the lesions in these 18 cases, 2 were predominantly glomerular, 14 were severely arteriolar (2 of which were histologically proven as cortical necrosis), and 2 were both glomerular and arteriolar. In nine (50%) of 18 cases, specific CMV inclusions were found in glomeruli or vessels (figure 1). Standard examination for CMV antigen was positive for six of 11 patients (figure 2), all of whom had CMV inclusions. The CMV-positive nuclei were in endothelial cells. Histological examination of all control samples did not reveal abnormalities due to CMV, and immunocytochemical analysis of all these samples was negative for CMV. Examination of bronchoalveolar lavage fluid specimens from three patients with respiratory distress secondary to intraalveolar hemorrhage showed CMV inclusions in cells, and histological examination of bronchopulmonary biopsy specimens from these patients demonstrated diagnostic evidence of TMA with endothelial CMV inclusions. TMA lesions were found in postmortem liver specimens from four patients.
with TMA was fluconazole (crude OR, 5.7; 95% CI, 1.45-24.5; adjusted OR, 3.8; 95% CI, 1.0-14.1).
We further investigated the interaction between CMV infection and fluconazole in a stratified analysis. The odds ratio for the presence of CMV infection and the use of fluconazole (10.4) was much greater than the product of the odds ratio for each exposure alone (5.2); this finding suggests that there is an interaction between CMV infection and fluconazole. However, in a multiple logistic regression model including fluconazole, CMV infection, and CD4 + cell count, an interaction term between fluconazole and CMV infection was not significant (P = .6). In a final logistic regression model, only CMV infection (OR, 4.2; 95% CI, 1.2-15.5) and fluconazole (OR, 4.2; 95% CI, 1.1-15.7) were significantly associated with TMA.
Treatment and Outcome
Twenty-three of the 29 patients received standard therapy for TMA. Seventeen patients received 20 mL of fresh frozen plasma/kg daily for a mean of 10 days (range, 7-15 days); five patients with the most severe forms of TMA were treated for 7 to 14 days with plasma as fluid replacement, and one patient first received fresh frozen plasma for 8 days followed by eight plasma exchanges. Nine patients received other treatments given alone or in combination with fresh frozen plasma and plasma exchanges. These treatments included steroids Treatment with fresh frozen plasma and/or plasma exchanges were followed by disappearance of hemolysis, nor-
Case-Control Study
Cases did not differ from controls in terms of age, sex, risk factors for HIV infection, or duration of AIDS. Mean CD4+ cell counts ± SD were lower in cases than in controls (29.4 ± 40.1/mm3 vs. 107.2 ± 138.8/mm3, respectively; P = .009). CMV disease was the only opportunistic infection associated with TMA (crude OR, 6.1; 95% CI, 1.6-24.8; CD4 + cell count-adjusted OR, 3.9; 95% CI, 1.1-14) . There was no difference in the incidence of Kaposi's sarcoma (cutaneous or pulmonary) in cases and controls. The only drug associated Stain of a paraffin-embedded kidney biopsy specimen from an HIV-infected patient with thrombotic microangiopathy that was subjected to immunocytochemical analysis with primary monoclonal mouse antibody followed by biotinylated sheep antibody to mouse, streptavidin-horseradish peroxidase, and aminoethyl carbazole precipitate. Immunohistological localization of an immediate, early cytomegalovirus (CMV) antigen is present. Note the strong CMV positivity in the nucleus of one endocapillary cell in a glomerular tuft (light hematoxylin counterstain; original magnification, X50). malization of platelet counts, and improvement in renal function in 57% of the 23 patients; the mean serum creatinine level ± SD (which was 356.4 201.6 ,u,mol/L at study entry) was 231.3 ± 176.1 //mon on the last day in the Nephrology Unit (P < .001). Despite improvement in laboratory values, the 50% survival time was only 3 months, and the actuarial survival rate at 2 years was 20%. Four of the five patients who underwent hemodialysis died within 2 months after the diagnosis. Of the six patients who received plasma exchanges, five died during the first 2 months, and one patient required chronic hemodialysis.
Six patients with either severe neurological abnormalities (three) or terminal illness (three) received no treatment and died within 1 month.
Discussion
We describe 29 cases of TMA in HIV-infected adults, 21 of which were histologically confirmed. In the remaining eight cases, the diagnosis was based on clear-cut clinical and laboratory findings. The mean CD4 + cell count ± SD was 71.9 ± 18.3/mm3, but 21 patients (72.4%) had very low CD4 + cell counts, thus confirming that TMA occurs more frequently in severely immunosuppressed patients. Most of the presenting symptoms were those commonly associated with classical HUS and TTP. However, some distinctive clinical features warrant special attention.
First, fragmentation anemia and isolated proteinuria were the first signs in one-half the cases, occurring up to 6 months before the onset of clinical signs of TMA. Therefore, persistent unexplained hemolytic anemia with schistocytes and thrombocytopenia call for careful monitoring of renal and neurological functions. Second, the low incidence of high blood pressure (16%), despite extensive arteriolar lesions in the kidneys, is striking. Third, the 50% survival time was only 3 months despite improvement in renal function. This time is lower than those in previous reports [1, 2] ; however, the degree of renal impairment at the time of study entry is not comparable with those in the different studies, and the precise immunologic status of the patients was not always given.
Fourteen of 18 patients had a predominantly arteriolar form of HUS. It is interesting that both cases of glomerular lesions, which classically occur more frequently in children with typical HUS and are associated with a good prognosis [10] , went into complete remission. PCR analysis for verotoxin was positive for one of these patients.
CMV is a common opportunistic pathogen in patients with AIDS; the incidence of CMV infection has been as high as 66% in autopsy studies [11] [12] [13] . Patients generally have histological evidence of multiorgan CMV infection, with kidney involvement in 3% to 25% of patients [14, 15] . However, in HIV-infected patients, the distinction between colonization and disease is difficult because isolated CMV inclusions may be the only pathological abnormality, regardless of the organ involved [16] .
CMV is not recognized as a potential cause of TMA, although endothelial cells are known to be a common target for CMV [17] [18] [19] [20] and CMV-associated vasculitis has frequently been described in allograft recipients and patients with AIDS [21] [22] [23] [24] . In a recent study [25] , immunocytochemical analysis for a late CMV antigen and in situ hybridization were performed on postmortem kidney samples from 78 HIV-infected patients. CMV-positive cells (intraglomerular or interstitial cells) were detected in 12.8% of the kidney specimens and were usually associated with acute tubular necrosis but never with TMA. Nevertheless, no correlation between CMV infection and glomerular disease was demonstrated in transplant recipients or immunosupressed patients without AIDS [26, 27] .
Two lines of evidence in our study support the link between CMV infection and TMA. First, CMV inclusions were present in nine of 18 kidney biopsy specimens, and these inclusions were always associated with arteriolar lesions. Of the nine patients with renal CMV inclusions, eight had active retinitis at the time of the diagnosis, and one (who had a CD4 + cell count of 277/mm3) had CMV viremia. CMV antigen was not detected in the control samples from HIV-seronegative patients with TMA or the 15 control biopsy samples from HIV-infected patients without TMA (P < . 0 0 1 ) .
Three patients had CMV pneumonitis associated with thrombotic microangiopathic bronchopulmonary lesions. All three patients had hemolytic anemia with schistocytes. Renal biopsy confirmed the diagnosis of TMA in all three cases, but CMV inclusions were detected in only two of three kidney biopsy samples.
Immunocytochemical analysis of renal biopsy specimens confirmed the results of standard examinations but did not appear to be more sensitive. Because the number of CMVpositive cells in a given sample was very small, 15 to 20 sections of a sample had to be examined by standard techniques to detect even one CMV inclusion, compared with only two serial sections in immunocytochemical analysis. CMV-infected cells were presumably endothelial cells located in the glomerular capillaries or the interstitial and peritubular vessels.
The second line of evidence supporting the involvement of CMV in TMA is based on the results of the case-control study that was conducted independently; this study identified CMV infection as a risk factor for TMA. Although the number of cases was small, the odds ratio for TMA developing when CMV infection was present was 3.9 after adjustment for the CD4 + cell count.
Classical pathogenic hypotheses for TMA include Kaposi's sarcoma and antineoplastic drug therapy [1] , but these hypotheses were not borne out in our study. However, two patients with Kaposi's sarcoma had received long-term therapy with IFN-a which has been suspected of being involved in TMA [28] . Verotoxin-producing enteric bacteria are rarely implicated in TMA in HIV-infected patients.
The case-control study identified fluconazole treatment as an independent risk factor for TMA, and the stratified analysis suggested an interaction between CMV infection and flucona-zole. Fluconazole is an azole derivative widely prescribed to HIV-infected patients as preventive or curative therapy for fungal infections. Hemolytic anemia, thrombocytopenia, and renal impairment had never been linked to fluconazole therapy [29] , but it has been documented that CMV infection can promote fungal infections [30, 31] .
In conclusion, we believe that CMV infection is an important and previously unrecognized cause of TMA in severely immunocompromised HIV-infected patients. However, our data and the results of the case-control study do not preclude either that cofactors along with CMV contribute to the development of TMA or that all cases of TMA in HIV-infected patients are related to CMV. The overall increase in the incidence of CMV infections in these patients [32] , which is due to their prolonged survival, could lead to an increased incidence of TMA.
